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Nepal, located above the convergent India-Eurasia plate boundary, has repeatedly
experienced devastating earthquakes. During the 2015 magnitude 7.8 Gorkha
earthquake, an often-reported experience was that people were not aware of the
threatening seismic hazard and had an insufficient level of preparedness. An important
source of the problem is that earthquake-related topics are not part of the school
curriculum. Earthquake education reaching a broad group of the population early
in their lives is therefore strongly needed. We established an initiative in Nepal to
introduce seismology in schools, with a focus on education and citizen seismology.
We have prepared educational materials adapted to the Nepali school system, which
we distributed and also share on our program’s website: http://seismoschoolnp.org. In
selected schools, we also installed a low-cost seismometer to record seismicity and
to allow learning-by-doing classroom activities. Our approach was very well received
and we hope it will help make earthquake-safe communities across Nepal. The seismic
sensor which we installed in schools is a Raspberry Shake 1D (RS1D), this was selected
based on its performance in laboratory tests and suitability for the field conditions. At
a test site in Switzerland we were able to record magnitude 1.0 events up to 50 km
distance with a RS1D. In Nepal, 22 such seismometers installed in schools create the
Nepal School Seismology Network providing online data openly. The seismometer in
each school allows students to be informed of earthquakes, visualize the respective
waveforms, and estimate the distance and magnitude of the event. For significant local
and regional events, we provide record sections and network instrumental intensity
maps on our program’s website. In 6 months of network operation, more than 194
local and teleseismic earthquakes of M ≥ 4 have been recorded. From a local and
a global catalog, complemented with our own visual identifications, we have provided
an earthquake wave detectability graph in distance and magnitude domain. Based on
our observations, we have calibrated a new magnitude equation for Nepal, related
to the epicentral distance D [km] and to the observed peak vertical ground velocity
PGVV [µm/s]. The calibration is done to best fit local catalog magnitudes, and yields the
following equation: M = 1.05 × log10(PGVV) + 1.08 × log10(D) + 0.75.
Keywords: educational seismology, citizen science, seismic hazard, earthquake magnitude, Nepal
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INTRODUCTION AND BACKGROUND
Nepal is located above the Himalayan convergent plate boundary
between the Indian and Eurasian plates (Aitchison et al.,
2007), and consequently in the heart of the most active
continental seismic hazard zone. The recent geological and
geodetic shortening accommodated across the Himalayas is
about 2 cm/yr (Bilham et al., 1997; Lavé and Avouac, 2001;
Jouanne et al., 2004; Zheng et al., 2017). The surface expression
of this shortening is the Main Frontal Thrust, which continues at
depth, to about 15 km below the surface, for more than 100 km
toward the North, forming the Main Himalayan Thrust (Cattin
and Avouac, 2000; Duputel et al., 2016; Elliott et al., 2016). This
is the megathrust interface which hosts major earthquakes all
along the 2’500 km long Himalayan range. The mountain belt has
experienced devastating earthquakes throughout the geological,
historical and recent past, claiming lives and causing significant
damage. Nepal, in the central part of the Himalaya, occupies
nearly one third of the mountain belt, and is the home of ca. 30
million people who live in a very high seismic hazard zone.
The largest instrumentally recorded earthquake in Nepal, the
1934 Mw8.2 event has been followed by the Mw7.8 Gorkha
earthquake and a second, Mw7.3 event in 2015 in Central Nepal
(Figure 1). Paleoseismic investigations along strike of the active
frontal thrust reveal further large historical earthquakes (e.g.,
Bollinger et al., 2016), the oldest known earthquake described in
a primary source having occurred in 1223 (Bollinger et al., 2016),
but its description remains unreadable due to defaced letters and
words. The greatest event in Nepal, which is also the most recent
great earthquake in Western Nepal, occurred in 1505, as reported
in historical chronicles (Ambraseys and Jackson, 2003; Ghazoui
et al., 2019). The elapsed time since then leads to the existence of
a well-identified seismic gap in which another large earthquake is
due (Bollinger et al., 2016). This fits the overall view of the seismic
cycle in the Himalayas, which has recorded a major earthquake
all along the mountain belt in the past 500 years (Hetényi et al.,
2016). Earthquakes are the most common and most deadly
natural disaster in Nepal, claiming more than 19 thousand lives
since 1934, which is more than 80% of the total casualties from
natural disasters (Ministry of Home Affairs [Moha], 2015).
Despite the clearly high seismic hazard, permanent
seismological observatories with open data are rare in the
region (Figure 1). The only government facility in Nepal is
the National Seismological Center (NSC), which has been
operating a permanent seismic network for decades within
the framework of international collaboration, and is currently
operating 21 short-period and broadband stations in the country.
The NSC publishes earthquake information to the population for
earthquakes inside Nepal when the local magnitude ML equals
or exceeds 4. Other seismic networks in the area are typically
temporary research networks, they are installed for a few years,
but their data is only openly accessible after a few years of delay
and in a format far less comprehensible to the general public.
Scientific results based on these seismological data are
abundant and should be acknowledged for pushing the limits
of knowledge in an area where fieldwork conditions are not
straightforward. Geophysically imaging the structure of the
orogen at depth (e.g., Schulte-Pelkum et al., 2005; Nábeˇlek
et al., 2009; Singer et al., 2017; Subedi et al., 2018) is very
important to establish quantitative models of seismic hazard.
Locating the seismicity both during the inter- and the post-
seismic periods (e.g., Bollinger et al., 2007; Adhikari et al.,
2015; Diehl et al., 2017; Hoste-Colomer et al., 2018) are
equally important to understand the mechanical behavior and
dynamics of the orogenic wedge. Nevertheless, state-of-the-art
geoscience knowledge reaches only a very small fraction of the
population. For example, recent publications report that there
is an increased risk of a future major (M > 8) earthquake in
the area between west of Nepal and India (Galetzka et al., 2015;
Avouac et al., 2015), and recent estimates of average return
period for great earthquakes ranges from 300 to 870 years
plus uncertainties (Avouac et al., 2001; Bollinger et al., 2014).
However, the local population has almost no information about
these recent findings.
What the local population is aware of are their own felt-
earthquake experiences, the fresh memory of the 2015 Gorkha
earthquakes, and the announcements of the NSC (ML ≥ 4 events
in Nepal). The latter information is spread through the NSC
webpage1, through social media, and – with some time lag –
through newspapers and online articles. Still, the general level of
information about what a person should do in case of a seismic
event is surprisingly low. Citizen’s awareness is a key element for
seismic risk mitigation, which is clearly missing in the field. Some
efforts by various organizations after the 2015 Gorkha earthquake
around the capital city Kathmandu were initiated, but these have
not reached people in the countryside. The majority of Nepal’s
population has either a mythological perception or no clear idea
about what causes earthquakes and what is the best behavior and
practice to protect themselves. In addition, ways to communicate
about earthquakes and related topics are not well established
in the community.
Our initiative aims to tackle two challenges with a combined
approach, for which we start our program in an area of high
seismic hazard but relatively limited (although not the lowest)
level of information in the country. First, it is crucial to increase
the awareness of the local population about the fact that they
live in a region where the accumulated energy is sufficient to
produce a large earthquake. Second, we need to teach and train
citizens in the community for better preparedness and what
actions they can undertake to lower their chances of being
hurt. In the countryside, no other source of information like
television and newspapers are easily accessible, and also in cities
it is difficult to gather knowledge from these kinds of sources.
Hence, we found that the best way to engage people in learning
about earthquakes is through the educational system, as what
information students receive at school can be transmitted to their
families and communities most efficiently.
In order to undertake this approach, it is necessary to connect
communities to citizen science in Nepal. That is why we installed
the first 22 low-cost seismic stations in local schools as a part
of the Nepal School Seismological Network (Figure 1). This
network is already used both for teaching and for sharing locally
1www.seismonepal.gov.np
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FIGURE 1 | Studied area maps. (B) The Himalaya-Tibet region, with large and great earthquakes (M ≥ 7) since 1934 from the USGS catalog
(https://earthquake.usgs.gov/earthquakes/search/). Permanent seismic stations with open data are shown in red. (A) Focus on Nepal, showing 21 permanent
seismic stations of the National Seismological Center with restricted data in blue, and 22 Nepal School Seismology Network (this project) stations in Western Nepal
with open data in red. Pink lines are thrust faults in the area (Styron et al., 2010). Distance scales are in kilometers.
recorded data openly. We hope that the example set in Western
Nepal will spread across the entire country, and that our program
helps to make earthquake-safer communities.
PREPARATORY PHASE
The project’s preparatory phase included planning, laboratory,
logistic and field work, which we carried out as mostly parallel
tasks as follows: (1) definition of the study area and site
planning, (2) preparation of educational material, (3) seismic
sensor survey, testing and selection. This section describes
our approach in detail, and the next section focuses on the
implementation in Nepal.
Site Selection
Within the broader frame of educational activities, we planned
to build the Nepal School Seismic Network (NSSN) in western
Nepal (83–85◦E) over an area of ca. 200 km east-west extent,
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including the epicenter village of the 2015 Gorkha earthquake
and westwards from there. The area is relatively densely
populated, but is too far from the capital Kathmandu to
be included in initiatives aiming to implement earthquake
education. There were some case studies for earthquake
risk management and risk mitigation in the Kathmandu
valley (Asian Disaster Preparedness Center [ADPC], 2000;
Moha/Hmgn-Jica, 2002). However, even after the 2015
Gorkha earthquake, when national and international non-
governmental organizations had tried to initiate earthquake
preparedness projects around Kathmandu for local people,
the efforts remained geographically limited (see e.g., the
following reports and websites on disaster management and
safer constructions: https://www.usaid.gov/sites/default/files/
documents/1861/Pages%202-3.pdf, http://www.safernepal.net,
https://www.rosie-may.com/2017/07/28/rebuild-nepal/; other
projects are on the way]. Our approach, located away from the
capital, is different, and complementary in scope.
To the best of our knowledge, no efforts have been reported
outside the Kathmandu valley for educational and citizen
seismology. We have selected Western Nepal to start our program
because (i) people have very limited to no opportunity to
learn about earthquakes, (ii) there was no major earthquake
in the last 500 years and therefore the probability of such
an event is high, and (iii) travel time between the different
sites is within reasonable bounds. The main goal in setting up
the NSSN was therefore to establish a broadly and possibly
homogeneously distributed network across the region, to initiate
earthquake education in schools and also to build a seismic
network able to provide useful data for both education and
basic research. To establish a broad base for site selection,
we used social media (facebook and twitter, both popular in
Nepal) to spread information about our program, and also
asked interested schools to fill out a request form. An excellent
knowledge of the region’s geography and social relations, as
well as communications skills were required for this step. The
non-Nepali co-authors of this work believe that foreigners
alone would have had no chance to start and implement this
project due to a lack of sufficient local contacts and knowledge
of Nepali society.
More than 100 schools submitted a request form from the
defined study area. Out of these, we selected 22 along the criteria
for good sites as follows:
• the school hosts a large number of students from the area,
• high motivation of the school administrative board,
• feasibility to install the seismometer on the ground floor,
• school located relatively far from a major road, village, or
city, to avoid cultural noise (minimum distance from a
road or highway must be 200 m),
• the school having its own internet connection and
alternate power supply (technical priority criteria),
• the school is reachable by vehicle or short walk.
Each submitted form was evaluated individually to see
which site met as many criteria as possible. In many cases,
compromises were necessary. We also aimed to have an
overall geographical distribution of schools that covers the
study area evenly. With the final selection of sites, we
covered the administrative regions of Province 5 and Gandaki
Province in western Nepal. Finally, to prepare the field
implementation phase, we have validated our remote site choices
by visiting all schools in person during a reconnaissance trip
in April-May 2018. The selected school’s name is listed in
Supplementary Table 1, the map of the NSSN is shown in
Figure 1, and photos of two typical school buildings are shown
in Figure 2.
Educational Materials
School education in Nepal occurs at basic and secondary level
(Table 1). Schooling begins with basic level and the school
starting age for children is 5 years old; however, attendance
is not compulsory. As of the 2017 Department of Education
survey, a total of 35′222 operational schools (from grade 1)
received a total of 7′752′601 pupils (Department of Education
[DOE], 2017), which is more than 25% of Nepal’s population.
We therefore believe that the schools are the best platforms to
share the required knowledge with the community, as relevant
education not only teaches the children, but, through their
families also reaches further into society. Seismology is not part
of the curriculum in schools, a problem we aim to tackle in our
program toward better preparedness.
In the context of Earth science education in Nepal, we
could find only very limited information about earthquakes
in textbooks. We therefore based our approach on existing
educational seismology projects around the world. There
are a number of similar initiatives running currently (or
until recently), mostly in developed countries, such as
the United Kingdom school seismology project, the Swiss
Seismo@school project, the Irish Seismology in Schools project,
the Texas Educational Seismic Project (United States), and
the Australian Seismometers in Schools project. We have
held discussions with specialists from different countries to
gain knowledge from their experiences and to build up ideas
for the educational material development for Nepal. We also
looked for existing materials which might be suitable for our
purpose and context. Numerous suggestions and experiences
shared by experts were taken into account in the preparation
of several educational materials adapted to the Nepali school
system and language.
One of the most important educational material is a flyer,
as partially shown in Figure 3A. This leaflet was designed
by the Earthquake Education Center in Sion, Switzerland and
translated into Nepalese for our schools. This leaflet delivers
detailed information on how to prepare before an earthquake,
how to save one’s life during an earthquake, and what to do
after an earthquake, well-illustrated with drawings and sketches.
Information about the contact person and/or office in case
of an earthquake, and games related to earthquakes for kids
are also included in the flyer. Further educational tools were
prepared in advance of our field visit, which we describe in
detail under the implementation phase of the project in section
“Educational Implementation.”
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FIGURE 2 | School buildings participating in our program. (A) Shree Himalaya Secondary School in Barpak, Gorkha district. A reinforced cement concrete (RCC)
building was newly constructed after the 2015 Gorkha earthquake. A total of 672 students study in the school. (B) Shree Bhanubhakta Acharya Secondary School
in Galyang, Syangja district. RCC building, but the third story is not cemented: it is brick, with tin roof on top. A total of 925 students study in this school.
TABLE 1 | Education system in Nepal and key numbers, according to Department
of Education [DOE] (2017).
Education
level
Grade Student
age (year)
Number of
schools
Number of
students
Early
childhood
– <5 36’568 958’127
Basic 1–5 5–9 35’211 3’970’016
6–8 10–12 15’632 1’866’716
Secondary 9–10 13–14 9’447 970’720
11–12 15–16 3’781 584’072
University
(campuses)
Bachelor
and above
>16 15 (1’407) 361’077
Total 8’710’728
Instrument Selection
The seismic sensor should achieve two different goals of the
program, namely to be able to detect relatively low magnitude
earthquakes, and to be able to be used as a teaching instrument
to share knowledge with students in an efficient way in the
classroom. Therefore, we needed to find a compromise between
a simple pendulum which is a common instrument in Nepali
schools to teach physics, and research quality modern broadband
sensors that are very expensive. Following literature review and
based on personal communications with several experts in the
field, we found many low-cost seismological instruments which
seems to satisfy both our target criteria. We carried out a market
survey on low-cost sensors available around the world by defining
criteria as follows:
• total cost including the delivery charge is cheap, below 500
USD,
• easily applicable for educational purposes,
• reasonably high sensitivity to detect local earthquakes,
• easy to handle,
• possibility to record data without an additional computer.
Our initial list included a total of 16 types of seismometers,
some of these were already adopted in programs with similar
purposes to ours (e.g., in the United Kingdom, at IRIS). From
this list and using the criteria above, we have selected four types
of sensors: the Quake Catcher Network (QCN), the Lego, the
Slinky, and the Raspberry Shake 1D (Figure 4). We purchased
a sample instrument of each, and carried out various tests
in laboratory conditions to assess their respective sensitivity,
detection threshold, noise level, frequency band, ease of use,
adequacy to field conditions, etc. Our findings are synthesized in
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FIGURE 3 | (A) An important teaching material: a flyer prepared in Nepali language on what to do before, during and after an earthquake, illustrated in detail with
pictures. The flyer is adopted from the English version which was initially prepared by and for the Earthquake Education Center, Switzerland (http://www.cpps-vs.ch).
The full flyer is freely available from our website directly at: http://seismoschoolnp.org/wp-content/uploads/2019/11/Be-Prepared-Nepali.pdf. (B) Earthquake
awareness sticker aimed as a reminder, in English and Nepalese language.
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FIGURE 4 | Low-cost sensors purchased and tested before selecting one for
our program: (A) Lego, (B) Quake Catcher, (C) Slinky, (D) Raspberry Shake
1D. See Table 2 for the characteristics of each sensor and our evaluation.
Table 2, in which two other sensors are also included from Zollo
et al. (2014). After this comparison of performance, the RS1D
instrument was found best for our purposes and selected for our
project. Subsequently, we found that Anthony et al. (2019) judged
the RS1D suitable for studying local and regional earthquakes.
To complement our laboratory tests, we also installed an RS1D
sensor at a field test site at a low-noise location in Grimisuat,
in Valais canton, Switzerland. This region is known to be that
with the highest seismic activity in Switzerland, with recurrent
damaging events. The latest major event occurred in 1946 in
Sierre, and had a magnitude of 5.8 with strong aftershocks (Fäh
et al., 2011). We installed a sensor in March 2019, and shortly
after we were able to detect an earthquake of ML1.0 at 36 km
distance, located by the Swiss Seismological Service (SED). This
was a surprise to us, and the good performance of the sensor
was confirmed by the recording of a “footquake” at less than
3 km distance following the hitherto earliest goal (10 s after
kick-off) scored in the Swiss top league which was celebrated
by ca. 7′000. At our test site, during 6 months of operation,
more than 210 events (0.4 ≤ ML ≤ 4.2) have been recorded.
These events are extracted from the SED web catalog2,3. The
observed peak ground velocity values are discussed below. The
data recorded at this station is available as sensor ID R291C of
the AM (RaspberryShake) network, and real-time data can be
viewed directly at https://raspberryshake.net/stationview/#?net=
AM&sta=R291C.
2http://www.seismo.ethz.ch/en/earthquakes/switzerland/all-earthquakes/
3http://arclink.ethz.ch/fdsnws/event/1/
IMPLEMENTATION IN NEPAL
After several preparatory discussions, we decided to apply a
people-centered approach in our project, where students and
local people have the opportunity to directly interact with
scientists; this is considered to be more effective than a top–
down approach (Scolobig et al., 2015). The preparatory phase
of fieldwork consisted of a ca. 1-month reconnaissance trip
in Nepal during which all selected schools were visited and
cooperation agreements signed, as well as the first earthquake-
focused classes were taught in Spring, 2018. The implementation
phase started with a 2-day educational workshop for school
teachers in Pokhara, followed by visits to every school where
the low-cost seismometers were installed and full educational
activities started in Spring, 2019. The implementation phase
lasted 34 working days including all travel to Nepal and
ca. 3’700 km travel on roads in Nepal in ca. 480 h.
About 6 months later, all sites were visited again for station
maintenance (where needed) and updates on the educational
side. Up to now, a total of ca. 77 extended working
days (ca. 980 h) and ca. 9’200 km distance traveled were
spent in the field.
Educational Implementation
During our early visits, we could ascertain that schools play a
vital role in teaching the essential elements of common values
and culture. The teachers were well respected, the students still
wore uniforms (sometimes classical, sometimes modern), and
in most cases a class or group of students were waiting for our
visit. Therefore, teaching earthquake related themes to students
in schools still seemed a good idea after the field visit. A critical
element was to do most of the work in the Nepali language:
while most teachers we met spoke English and most students
understood English, it was easier for them to talk in Nepali
and ask practical questions, or simply to overcome a normal
level of shyness.
During the reconnaissance trip, we talked to the school
principals and management committees about our program and
its benefit to the community. The level of interest was very high
and they were excited to see the appearance of someone for
earthquake education in the school for the first time ever. We
have given a few lectures and taught students key information
about earthquakes in every school. In our experience, students
are highly interested to learn about earthquake science, but they
lack relatively basic knowledge to start with. We have focused on
delivering some of this knowledge in an easy and simple way. For
example, regarding the Himalayas, we talked about the height
of Mount Everest, which was known to every student, but also
the age of the Himalayas, to which nobody knew the answer
(despite some geological evidence sold in the area as tourist
souvenirs). Giving the age ourselves, we could then continue onto
the formation of the Himalayas as a consequence of subduction
of the Indian plate beneath Tibet and the collision history. This
then led onto moving plates, which are the source of energy stored
beneath the surface, episodically released to create earthquakes.
We also demonstrated what can be done in case an earthquake
hits the school or their homes, and performed earthquake drill
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TABLE 2 | List of seismological instruments tested for the educational purposes and comparison of their characteristics.
QCN LEGO Slinky AS-1 SEP RS1D
Sensor Digital
accelerometer
Analog Analog Analog Analog Digital
geophone
Components 3 (X-Y-Z) 1 vertical 1 vertical 1 horizontal 1 horizontal 1 vertical
Sensitivity Low High High Low High Very high
Bandwidth 10 s – 20 Hz 2 – 20 Hz 1 – 20 Hz 2 s – 3 Hz 20 s – 10 Hz 1.25 s – 29 Hz
Digitizer 16 bit 16 bit 16 bit 12 bit 16 bit 24 bit
Timing PC clock PC clock PC clock PC clock PC clock Network Timing
Protocol
Continuous data available No Yes Yes Yes Yes Yes
PC needed Yes Yes Yes Yes Yes No
Real-time data Yes Yes Yes Yes Yes Yes
Additional software needed Yes Yes Yes Yes Yes No
Installation procedure Simple Difficult Difficult Difficult Difficult Simple
Overall user experience Complex Simple Simple Simple Simple Plug-and-play
Educational appeal Poor Good Good Good Good Medium
Manufacturer Stanford
University,
United States *
Mindsets,
United Kingdom
Mindsets,
United Kingdom
United States
seismology
community
United Kingdom
seismology
community *
OSOP, Panama
Approximate cost (USD) 77 210 137 500 700 375
A smaller part of the information (on AS-1 and SEP) is from Zollo et al. (2014). ∗: sensor no longer manufactured.
exercises to shelter beneath tables, doorframes, or to evacuate
to a safe place.
A delicate point of the communication was not to cause
confrontation between science and people’s religious or
mythological views. We prepared this partly with the help of a
Hinduism specialist. The strategy for teaching and discussions
relied on two main points. First, to express that we have come
to explain our views, and not to argue with their devout opinion
or judge in any way. Second, we presented them a picture of the
Earth, showing symbols of twelve major religions that exist, and
then added symbols representing research and science, which is
another view on how the Earth functions, the one which we came
to present them. This strategy has worked well so far.
During the reconnaissance trip, we had already distributed the
Nepali earthquake preparedness flyers (Figure 3A). We added
further elements to this in our main fieldwork in 2019. We
designed a 9-by-5 cm sticker (Figure 3B) to remind people about
earthquake hazard, which we distributed to students and teachers
(3’000 copies,>100 for each school so far), which should increase
people’s level of awareness. We also prepared an “Emergency
Meeting Point” sign in Nepali, of which we distributed plasticized
copies to each school. All these materials are freely available
for download from our program’s website Download page.
Moreover, we have offered a slinky to each school: a colorful
plastic spring with the help of which teachers can demonstrate
P and S wave propagation in the classroom (Figure 5).
Workshop
Even though our occasional visits to the schools with lectures,
training and discussion are a special opportunity for both
students and teachers, this effort alone would not be sufficient
to reach our goals, either in terms of education of the topic,
or to reach further into their communities. To increase the
frequency and efficiency of learning, we therefore organized
a workshop primarily for school teachers at the beginning of
the implementation phase, and in the center of the study area,
Pokhara. This event was very important both for knowledge
transfer and for crossing the language boundaries: international
experts presented their knowledge in English to 96 local
participants, who then are able to disseminate this in the
Nepali language to their respective audiences. The 2 days of
workshop allowed plenty of time for discussions, translations,
and also for sharing educational experiences between Nepali
and foreign school teachers. Out of 96 participants, over
70 were teachers from the 22 selected schools and further
10 from other, interested schools (mainly science, computer
science, social subject teachers, as well as school principals),
and there was a representative presence of the Province, of
the Nepal Army, Nepal Police and Nepal Armed Police Forces,
of the National Seismological Center, a few university and
college students, as well as several journalists. The teaching
by the international experts covered a broad spectrum of
topics, from wave physics to Himalayan geology, earthquakes to
plate tectonics, teaching methods to practical advices regarding
earthquake preparedness, and several demonstrations with and
without seismometer involving highly motivated volunteers from
the audience (Figure 5). A local earthquake occurring during
a workshop session provided a very good demonstration and
analysis topic. All the workshop material, including videos, is
freely available from our program’s website. Furthermore, a
number of relevant and presented Earth Learning Ideas4 are also
directly linked.
One of the most interesting sessions of the workshop was
the very wide ask-me-anything session. The presenting experts
received a plethora of questions from the audience; some to
clarify terms and concepts, and some really unexpected ones
4www.earthlearningidea.com
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FIGURE 5 | Educational demonstration examples. (A) Nature of the S-wave propagation using a slinky, explained by Dr. Paul Denton (with microphone) and
performed by a voluntary participant during the First International Workshop on Education Seismology in April 2019 in Pokhara, Nepal. More than 80 school teachers
participated in the workshop. (Photo Credit: Peter Loader). (B) Shiba Subedi (in T-shirt) demonstrates a P-wave using a slinky and discusses its nature with students
in Balmandir Secondary School, Gorkha district. (Photo Credit: School). All people or their legal representatives on the photos have agreed to be taken on picture
and to be presented in frame of this research project.
which lead to very interesting discussions. Here we list a
few examples:
• Do tectonic plates always move in the same direction?
• Do you necessarily make earthquakes on faults?
• Why do mythological explanations of earthquakes often
involve animals?
• Which discipline studies the relationship between
Hinduism and earthquakes?
• If the Earth is an ellipsoid, with the poles being closer to the
center of Earth than the equator, is the heat flow higher at
the poles?
The full board of experts answered all questions based on their
scientific, technical and personal knowledge, sometimes helped
by Nepali translations.
The event was a big success according to both the participants
and speakers, and the teachers seemed to leave happy and with
a high level of satisfaction. The school teachers reported that
the workshop greatly helped them to make their first steps of
teaching earthquake related topics in the classroom, and that
the workshop format was helpful for an easier transfer of new
knowledge. They were grateful for the memorable event, and that
the organizers cared more about their earthquake safety than they
themselves did. The presence of many journalists from different
media had a high impact regarding earthquake awareness, as the
workshop and the program featured in 23 articles in national
and regional newspapers, and in an extended live interview
on the most widely watched Nepali television station. This
ultimately increases the attention of people toward earthquakes
and education of related themes. Based on the overall experience,
we believe that this workshop made a long-term impact and
contributed to earthquake-safer communities in Nepal.
Seismological Implementation
The visit of the schools started immediately after the workshop,
and by early May 2019 we had successfully installed the Nepal
School Seismology Network (Figure 1). The preparation for
the full network installation in the field was based on the useful
experience and lessons learned from the pilot station. By the
end of the field work, all 22 RS1D seismometers had been
installed on the ground floor, in most cases in the computer
lab, the principal’s room, or the science lab. We fixed the
sensors on a small wooden platform cemented to the ground
to avoid minor flooding. In the future, we plan to replace the
wooden platform by paving stone or small cement platform.
We also added either a simple (wooden box) or thermal
(survival sheet covered polystyrene box) shielding around the
sensor. Each station is also equipped with an uninterruptable
power supply, and wired internet connection directly from a
router. The NSSN can be cited through this article as well as
under the digital object identifier doi: 10.5281/zenodo.3406345.
Raw seismological data from the NSSN is available through
RaspberryShake, currently archived for 2 years, and NSSN
stations are also regrouped under the virtual network _NSSN5.
The data recorded by the NSSN can be downloaded freely
via the following fdsnws server and command line, adapted
by replacing the italic text by the wanted values: https://
fdsnws.raspberryshakedata.com/fdsnws/dataselect/1/query?net=
AM&sta=stationID&loc=00&cha=*HZ&start=starttime&end=
endtime. To download data from a particular station of NSSN,
for example, R732B and for the two hours’ time period on
2020 March 25 starting at 01:00:00 UTC, following command
is applicable to download the desired data directly “https://
fdsnws.raspberryshakedata.com/fdsnws/dataselect/1/query?net=
AM&sta=R732B&loc=00&cha=EHZ&start=2020-03-25T01:00
:00&end=2020-03-25T03:00:00”.
To facilitate educational activities and also troubleshooting
simple problems, we prepared detailed guidelines on how to
visualize waveforms recorded by the seismometer on a computer,
how to use the EQInfo smartphone application (Weber and
Herrnkind, 2014), and how to estimate magnitude and distance
of local earthquakes from their own school’s waveform recording.
This document was distributed in every school and is also
5http://ds.iris.edu/mda/_NSSN
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published at our website. We encouraged teachers to spread the
information to citizens from the community, so that they can also
share the experience without being at the school. Teachers report
they use the EQInfo application for classroom activities.
A few participating schools have had the opportunity to
receive additional funding from the local government to
facilitate the logistics necessary to host an NSSN station. For
example, Prabha Secondary School, Pyuthan has been selected
by the Information and Communication Technology program
and awarded ca. 5’000 USD from the Nepal government to
equip a full computer room, purchase an alternate power
supply, and to establish the internet connection for the
school. Janak Secondary School, Gaindakot has received ca.
1’200 USD for creating a new, wired internet connection
and power backup installation from the nearby Gaindakot
Municipality, Nawalpur district. In the majority of schools,
the seismometer is installed in a room corner separated by
a thin wooden or aluminum wall, which improves signal-to-
noise ratio, visibility and security (Figure 6). We are proud to
report that we also reached the epicenter village of the 2015
Gorkha earthquake, Barpak, a remote place where 72 people
died from the most recent major earthquake. At the moment
of our first field visit, people were back to daily business
after the devastating earthquake, but schools were in temporary
shelters. By the time of the installation, the school managed to
receive support from the government-owned telecommunication
service provider, Nepal Telecom6, to install the first wired
internet connection in Barpak, which made the installation of the
seismometer possible.
During the sensor installation, schools have invited
high level authorities from the district (e.g., Mayor of the
municipality, Chief District Officer, etc.) to show how the
sensor records earthquakes, and to demonstrate that the
school participates in the earthquake education program.
The local news coverage about seismometer installation
typically followed within hours or one day7. Since the entire
network has been installed, we are communicating with
schools using social media (twitter, facebook) to keep the
teachers’ attention on the project. On our program website,
we are posting figures of recorded waveforms from local,
NSC-reported earthquakes. Our approach has been very
well received by schools and also appreciated by the local
governments. We hope that the ideas will spread to other
regions of the country as well, and we will seek opportunities
in this direction.
RESULTS AND DISCUSSION
Education
Teachers are at the first line of communication with the students.
With high motivation, they are doing regular exercises with their
students by showing waveforms recorded by the seismometer
at the school (mostly for ML ≥ 4 local earthquakes). In each
6https://www.ntc.net.np/
7http://seismoschoolnp.org/?page_id=746
FIGURE 6 | Example of the setting of an installed seismometer, in Shree
Siddha Baba Secondary School, Gulmi district. The sensor is installed on the
ground floor by making a partition in the Accounting Room; it is fixed to a
wooden block which is itself fixed into a ca. 2 cm thick cemented base on the
ground (inset). The station is connected to a desktop computer for real-time
data visualization via the jAmaSeis (Drago et al., 2009) software. Detailed
information on how to visualize waveforms on a smartphone using the EQInfo
app is printed on the wall (A4 paper). The word “Seismometer” is written in on
the wall in Nepali (and English) language.
school, we encouraged teachers to practice evacuation exercises.
The lessons learned from these drills helps the school community
to respond more efficiently in case of a large earthquake, which
increases the school’s resilience.
Teachers gave very good feedback on the main workshop
and took it as a great opportunity to learn about earthquakes
at their level. “I am more interested in Earth sciences after
this workshop” said one teacher after the conference; a school
principal expressed his gratitude because we were more worried
about their earthquake safety than they were.
To evaluate the efficiency of our program and to assess
the level of knowledge before its start and after 1 year of
operation, we conducted a survey during the reconnaissance trip.
A representative group of students from the selected schools,
teachers and local people completed the survey with ca. 30
questions, and ca. 350 full sets of answers were collected. We
plan to carry out the second survey in 2020 and compare it
to the first one’s results to analyze the changes our program
may have promoted.
With our program, school teachers estimate to have
reached a broad audience in the studied area: directly
more than 18’000 students benefited from the program,
and indirectly ca. 150’000 people in the region could have
been reached (Supplementary Table 1). While evaluating the
indirect effect, an average family size in the community
and the sociological situation were also taken into account.
To share our activities and knowledge continuously with an
even broader community in Nepal, we have developed the
program’s own webpage8. All materials for the education,
8www.seismoschoolnp.org
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information of recorded earthquakes, guidelines for exercises,
important questions and answers are available on the webpage.
This page had 9’880 visitors in 12 months (last access on
February 11th, 2020).
Seismology: Waveforms and
Instrumental Intensity Map
The NSSN was successfully installed by May 2019 and operates
well since then. While 18 stations have been recording data
continuously, four others encountered problems due to the
unstable internet connection and/or power supply, therefore
a small amount of data is missing from those sites. In the
monsoon season, (only) one of the sensors broke, which we
could then replace. The site selection criteria, as described
earlier, made us make compromises between education and
seismological purposes. For example, a station in a populated
area will reach more people through education, but the site
will have a higher noise level. Using the data from June
to December 2019, hourly power spectral density probability
density functions (PSD PDFs) have been computed, with 50%
overlap. Looking at the median values of these by station
(Figure 7), most of sites are below the high-noise model
(Peterson, 1993), whereas three sites CHITN (R8C46), GAIDA
(R6EC4) and NAWAL(R51F6) are badly affected by daytime
noise (road traffic, urban environment) but are still able
to provide useful data at night. Nevertheless, most stations
seem to represent a reasonable compromise between education
and observation, and some have even very good signal-to-
noise ratios.
We have observed that the low-cost seismometers record
earthquakes not only from local sources inside the network, but
also across Nepal and from regional and teleseismic distances.
For earthquakes in Nepal, our reference information comes
from the earthquake catalog published by the NSC9, while for
more distant events we rely on global catalogs such as the one
from the European-Mediterranean Seismological Center (EMSC)
and the United States Geological Survey (USGS). Figure 8
shows three examples of recorded waveforms, for a local, a
regional and a teleseismic earthquake. The arrival of P and
S phases is clearly visible, although somewhat different from
simplistic theoretical arrival times. For local events, we detect
all earthquakes that the NSC publish: these are detected by
an STA/LTA-trigger at the NSC network, but only ML ≥ 4
events in Nepal are published on their website. The NSSN
recorded some regional events in the Hindu Kush region, in
9http://seismonepal.gov.np/earthquakes
FIGURE 7 | Power spectral density probability density function’s median value for each NSSN station as a function of period. Thick gray lines are the high and low
noise models (according to Peterson, 1993; McNamara and Buland, 2004). For comparison, we also plot the same curve from the test site in Switzerland (R291C),
and the instrument self-noise as provided by the manufacturer. The dashed black line highlights the bandwidth of flat instrument response. The curves are
constructed using hourly PSDs with 50% overlap during the period from June to December 2019.
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FIGURE 8 | Examples of earthquakes’ waveforms recorded by the NSSN. The dashed red line in each figure denotes the origin time of the earthquake in the
available catalog. (A) Filtered waveforms in the 1–5 Hz frequency band of a local event, with solid red lines plotted for the theoretical P and S wave arrival times using
local velocity model in Nepal (Pandey et al., 1995). (B,C) Waveforms of a regional event in Tajikistan and of a teleseismic event in Indonesia, filtered between 1–2 Hz.
Solid red lines are plotted for the theoretical P and S wave arrival time using global iasp91 velocity model (Kennett and Engdahl, 1991). First order information of
each event is written on top of each figure, including the source of the information. NSC, National Seismological Centre, Kathmandu; EMSC,
European-Mediterranean Seismological Centre; USGS, United States Geological Survey. All waveforms are normalized to the same maximum amplitude.
Frontiers in Earth Science | www.frontiersin.org 12 April 2020 | Volume 8 | Article 73
feart-08-00073 April 7, 2020 Time: 17:6 # 13
Subedi et al. Seismology at School in Nepal
FIGURE 9 | Observed instrumental intensity map from the 2019 August 9 ML4.7 Myagdi earthquake. The observed intensity data at NSSN stations are plotted in
circles and are color-coded according to their value based on Worden et al. (2012) as shown in the legend. Gray color means no data for the event from that station
(either no internet or no power supply). The capital city of Nepal, Kathmandu is denoted by Kath, the highest point of the Earth, Mount Everest is denoted by Mt.Ev,
and the capital city Pokhara of the Gandaki province is denoted by Pokh.
China and in Myanmar. Likewise, we have recorded almost
all M > 7 events around the globe, mostly at thousands of
kilometers distance, including in Japan and in Indonesia region.
We also clearly identified the Mw8.0 earthquake on 26 May
2019 in Peru at ca. 16’000 km distance. For large events,
we clearly observe the more slowly propagating surface waves
arriving after the body (P and S) waves. In 6 months of
operational time, a total of 194 reported earthquakes have been
identified in our records.
In Figure 8, the theoretical P and S wave arrival times
are plotted on top of the recorded waveforms using different
velocity models. We have used local velocity model in Nepal
(Pandey et al., 1995) for local earthquakes, iasp91 (Kennett and
Engdahl, 1991) for regional and global events. The slope of
the theoretical P and S wave arrivals do not exactly fit that
of the observed waveforms for the local earthquake, which is
probably related to the variation of the local crustal structure
with respect to the 1D model. We estimate the origin time
of the local event at 18:02:54 UTC, however 18:02 UTC is
reported in the published catalog, the information about the
seconds is truncated (Figure 8A). Similarly, P but especially
S phases show different arrivals times from the theoretical
ones for the regional earthquake in Afghanistan, which again
points to more complex velocity model of the orogenic region
along the raypath than the 1D model used. For the teleseismic
event, the P and S wave arrivals match relatively well the
theoretical arrival times.
Some of the events we recorded are felt by the people
involved in our school seismology program, who were naturally
interested to learn more. For that purpose, it is very instructive
to produce instrumental intensity maps that shows measured
intensity values at stations across the NSSN. We produce such
maps routinely for felt events in the study area, and represent
shaking as instrumental intensity converted from peak ground
velocity (which in our sensors is recorded on the vertical
component, hence we note it PGVV ), following the scale of
Worden et al. (2012). The instrumental intensity map for the
event causing one of the largest intensities so far, an ML4.7
earthquake inside the network is presented in Figure 9. The
station closest to the epicenter, Janapriya Secondary School,
Darwang, Myagdi district, clearly felt the shaking with an
intensity of II-III, while stations further from the epicenter
have not recorded felt-shaking (intensity I). The largest PGVV
measured so far was recorded very close to a ML4.5 event, at
a value of 1.22 mm/s. The instrumental intensity map will not
be delivered for large events as the sensors will reach their
limits of recording (clip) (Anthony et al., 2019) at 22 mm/s
(peak-to-peak) according to the manufacturer. Nevertheless, the
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FIGURE 10 | Observed vertical peak ground velocity (PGVV) as a function of
magnitude and distance at (A) our test site in Grimisuat, Switzerland, and (B)
across the NSSN. Each circle in the plot represents the observed maximum
amplitude motion at a station following a single earthquake. In total 210
events for the station in Switzerland and 194 events for NSSN are plotted
using the 6-month data from the catalogs. Sources of earthquake catalogs:
SED in Switzerland (A), NSC and USGS for stations in Nepal (B).
micro- to moderate size seismicity can be very well monitored. In
general, the instrumental intensity map representing measured
shaking is critical to estimate the damage after an earthquake
and to prepare an emergency response and rescue; in the
frame of our educational seismology project, it shows all
schools together and demonstrates the connection within the
community of schools.
Seismology: Detection Threshold
By collecting detected phase arrivals from a representative
number of earthquakes, the detection threshold of the
RS1D in real field conditions can be mapped. This strongly
depends on the selected sites, and here we present our
findings (Figure 10).
At the test site in Switzerland, which is relatively quiet,
we are able to record relatively small earthquakes (ML ≤ 1.0)
earthquakes at surprisingly large (50 km) distances. This
was possible as the background noise level of this site
is low, typically around 0.2 µm/s or less. The observed
peak ground velocity (PGVV ) for all events recorded at
this site is plotted as a function of epicentral distance and
magnitude in Figure 10A. Observed ground velocity increases
with magnitude and decreases with distance, as expected.
Still, typical felt (ML∼2.5) events are detected up to ca.
300 km distance.
In Nepal, information on micro earthquakes (ML < 4) is not
publicly accessible. Nevertheless, all reported local earthquakes of
this size and larger are clearly recorded, and also some regional
events of ML 4 beyond 1’000 km distance have been detected
(Figure 10B). The magnitude and distance dependence of PGVV
show the same pattern as for the test site: increasing with the
magnitude, decreasing with the distance when other parameters
are kept constant. The list of earthquakes used in this study is
provided in the Supplementary Table 2. The location of micro
earthquakes inside the NSSN is currently being investigated, and
is beyond the scope of this article.
Seismology: Magnitude Calibration for
Earthquake Monitoring
An important parameter in seismology is the magnitude of an
earthquake. Due to various definitions of magnitude, it is not
always straightforward to compare one event measured on one
scale with another event measures on another scale. Typically,
local magnitudes ML for a given region are converted to moment
magnitude Mw for an energy based comparison. In Nepal, ML
is provided by the NSC, and for coherency with the nationally
used scale, we here quantitatively calibrate our own seismic
observations to fit that scale.
Our approach is based on the presented by Allen et al.
(2012) who fit a general equation on intensity and how it
attenuates with epicentral distance and earthquake magnitude.
Our mathematical approach is the same, but instead of intensity
values, we work with vertical-component peak ground velocity
PGVV , in µm/s. Following Allen et al. (2012), we assume the
following formula:
log10(PGVV) = a + b × MNSSN + c × log10(D) + S, (1)
where MNSSN is the local magnitude determined by the NSSN,
D is epicentral distance in kilometers, and S is a site effect term
which we first consider to be 0. The value of PGVV at each
station is determined as the maximum amplitude recorded by
a vertical-component low-cost seismometer, typically of the Sg
or Sn seismic phase, after second-order Butterworth band-pass
filtering between 0.7 and 7 Hz. The three constants a, b, and
c are the parameters we have to determine by regression. Once
the values are known, we can rearrange the equation to compute
MNSSN as a function of observed PGVV and D:
MNSSN = (1/b) × log10(PGVV) − (c/b) × log10(D) − (a/b)
(2)
The full observed dataset is presented in Figure 11. For
the regression, we considered events located by the NSC
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FIGURE 11 | Observed peak ground velocity (PGVV) across the NSSN as a function of earthquake magnitude and epicentral distance. Each circle in the plot
represents a single earthquake detection at a station, colored by magnitude. Six months data are considered from April 2019. Source of earthquake data is the
National Seismological Center’s published catalog. Red lines represent the fitted PGVV -distance lines for M4.0, M4.4, M4.8, and M5.2 earthquakes after the
regression (see text for details).
FIGURE 12 | (A) Intermediate-distance PGVV attenuation c plotted for magnitude bins. Data points beyond the 1σ variability (0.30, red dashed lines) of the raw
mean (–1.39, solid red line) are trimmed and the median of the remaining PGVV attenuation provided parameter c in Eq. 1, which is found to be –1.03 across the
dataset. (B) Fitting the distance and PGVV data for each magnitude window using the constant slope value c to find the slope and intercept of the magnitude
dependence (respectively b and a in Eq. 1), regressed using the linear least squares.
in the distance range 31–450 km (within Nepal), and we
omit the single ML5.7 event as it is 0.5 magnitude units
away from the rest of the dataset. Events having epicentral
distances smaller than 31 km [i.e., log10(D) < 1.5] have not
been considered to avoid near-source effects and because of
uncertain focal depth determinations. Then, for each 0.1-wide
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FIGURE 13 | Magnitude comparison plot. The NSC-reported magnitude is plotted against the NSSN magnitude using the newly calibrated magnitude equation
(Eq. 3). Note that the site effect at each NSSN station is considered as described in the text. The maximum difference between the two magnitude scales for any
given event is <0.3 unit of ML.
bin of earthquake magnitude (including overlap as catalog
magnitudes are rounded to the nearest 0.1 unit), we regress
for the intermediate distance intensity attenuation value, c, and
obtain the results shown in Figure 12A. The median value of
this dataset, trimmed by 1σ around the raw mean value, is
taken as the most fitting attenuation value c. The value turns
out to be –1.03, and since no clear trend of variability is
observed with magnitude, it is used as a constant for further
regression analysis.
In a second step, in order to find the values of the slope b
and intercept value a of the magnitude dependence in Equation
1, we have fitted the PGV–distance data for each magnitude
window using the constant slope value c and regressed using
the linear least squares (Figures 11, 12B). The values we find
are a = –0.72 and b = 0.95. (The same calibration including
the ML5.7 event gives slightly different values for a, b, and c: as
−0.53, 0.94 and –1.10, respectively, but the change in MNSSN is
negligible, <0.1).
Hence, replacing these into Equation 2, we obtain the
calibrated magnitude equation for the NSSN:
MNSSN = 1.05 × log10(PGVV) + 1.08 × log10(D) + 0.75
(3)
Finally, using the determined value of a, b, and c and Equation
1, we have estimated theoretical values of PGVV for each event
and each station. By subtracting this from the observed PGVV
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values for all events, the average residual of PGVV is calculated
for each station, which is effectively gives the site effect term S.
As the nominal sensitivity of the RS1D sensors is provided with
a 10% uncertainty, we have considered the value of S in Equation
1 for a station only when its value exceeded 0.1 (10 sites, largest
value 0.29). With this value, we can correct the observed value of
PGVV when computing MNSSN in the future.
To assess and to appreciate the magnitude calibration
equation, we plot the NSSN-observed magnitude value against
the local ML as provided by the NSC in Figure 13. The
largest difference is below 0.3 units, which is a very reasonable
value considering that the value of b (magnitude-dependence
of PGVV ) is on the order of 1, and that network-wide
determined magnitude values are averaged from individual
station magnitudes with a standard deviation that can exceed
this difference. Although the magnitude equation was calibrated
using data from ML4.0–5.2 earthquakes, the fit to the so far single
ML5.7 event is very good.
Although the seismometers in the NSSN are relatively
inexpensive, this program for schools allowed us to build
a network with real observatory capabilities for seismic
monitoring. This somewhat unexpected point further highlights
the very important role that schools and their environment
can play in monitoring, understanding and preparing
for earthquakes.
CONCLUSION
In less than 2 years of work, we have established the framework
of the Seismology at School in Nepal program, and successfully
implemented it in the field. The program carries both educational
and seismological aspects, results of which can be summarized as
the following:
• The program jointly established an educational network
with the close involvement of 22 schools, each hosting
a low-cost seismometer which spans the Nepal School
Seismology Network in the region where a great
earthquake is due.
• Various educational activities were performed, involving
schools, students, teachers and communities in earthquake
education; teachers were trained primarily during a 2-day
dedicated workshop.
• With only 6 months of data, useful seismological results
could be produced for both education (record sections,
shake-maps) and research (event detectability).
• A new local magnitude equation for Nepal is calibrated
based on the data observed by the NSSN, which is
applicable to consistently compute the magnitude of
forthcoming local events.
• Openly available data and educational resources through
our program’s website contribute to the broadest possible
outreach.
On the basis of our bottom-up approach, earthquake
preparedness and earthquake awareness have increased in the
local communities. In this sense, the project has started to help
this region of Nepal to prepare for future earthquakes, and we
hope that the initiative is spread to other regions of Nepal.
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